Abstract: This study investigated pre-service biology teachers' epistemological beliefs about biology. The sample consisted of 200 undergraduates in a biology teacher-education programme. The biology version of Colorado Learning Attitudes about Science Survey (Class-Bio) was administered on the subjects. Data collected were analysed using Z-test of single proportion, t-test of independent samples and Fixed ANOVA model. Findings of the study indicated that epistemological beliefs of the pre-service teachers were similar to those of novices, and entry qualification, as well as Year of study did not significantly influence their epistemological beliefs. It is recommended, among others, that biology teacher educators should explore ways of teaching to improve pre-service biology teachers' epistemological beliefs since such beliefs have been factored in learning outcome/ performance equation.
INTRODUCTION
is an advocate and pioneer of research on the nature of knowledge or epistemology. His efforts provided the needed scholarly motivation and impetus to researchers to study the phenomenon. The initial result of the response to his appeal is the bifurcation of conception of epistemology. A group (Perry, 1970; Kegan, 1982; King & Kitchener, 2004) sees epistemologies in a single dimension, as developmental stages which occur hand-in-hand with the individual's cognitive development. Another group (Schommer, 1988 (Schommer, , 1990 Schommer & Walker, 1997; Schraw, Dunkle & Bendixen, 1995; Hofer & Pintrich, 1997) sees epistemologies, from a multidimensional perspective, as collections of beliefs. For instance, Schommer (1990) says that beliefs about the nature of knowledge are too complex to be conceptualized in a single dimension. From her multidimensional inclination, she defines personal epistemology as a belief system that is composed of several more or less independent dimensions' (p. 498). Specifically, she hypothesized five epistemological dimensions as follows: Simple Knowledgeknowledge is simple (less sophisticated belief) rather than complex (sophisticated belief); Omniscient Authority -knowledge is handed down by authority (less sophisticated belief) and not derived from reason (sophisticated belief); Certain Knowledge -knowledge is certain (less sophisticated belief) rather than tentative (sophisticated belief); Innate Abilitythe ability to learn is innate (less sophisticated) rather than acquired (sophisticated belief); and Quick Learning -learning is quick or not at all (less sophisticated belief) rather than Thomas Igwebuike & Gracious Oribhabor: Scientific Epistemological Beliefs ... gradual (sophisticated belief) . She developed Epistemological Beliefs Questionnaire (EBQ) for studies of this phenomenon.
But Hofer and Pintrich (1997) embarked on a critique of Schommer's (1990) hypothesized dimensions and suggested that quick learning and innate ability should not be classified as epistemological dimensions because the two types are more related to nature of learning than nature of knowing. They came up with four epistemological dimensions as follows: Certain Knowledge, Simple Knowledge, Omniscient Authority, and Justification for knowing. Some studies (Kuhn, 1991; Elder, 1999 Elder, , 2002 have validated the existence of these dimensions while others (Schommer -Aikins, Mau, Brookhart & Hutler, 2000 , 2005 Topcu & Vilmaz-Tuzun, 2007) excised Simple Knowledge because it could not survive confirmatory factor analysis.
These studies have tried to provide means of measuring students' epistemological beliefs and relating them to their characteristics though DeBacker, Crowson, Beesley, Thomas, and Hestevold (2008) express trepidation over the challenge of measuring these beliefs. Fujiwara, Laulathaphol and Phillips (2012) reviewed three different instruments for measuring epistemic beliefs in physics, chemistry and biology developed by three groups of researchers in this area of investigation and found that they all share the main idea that good education should result in changes of students' beliefs towards these of the experts. The assumption by the developers of these three instruments, according to Fujiwara et al, is that students should be similar or closer to experts with reference to what they believe about the subject area and how the subject should be learned if they are given good education. The assumption appears very plausible. Nonetheless empirical support is needed, and this is one of the overarching issues addressed in this article. The literature is mute about the relationship between pre-service biology teachers' epistemological beliefs and those of their biology educators in the Nigeria culture despite Hofer's (2006) declaration that culture is a context that can be powerful in affecting beliefs. By implications, studies in the Nigeria context on this should be carried out.
Studies (Schommer, 1993; Neber & Schommer, 2002; Conley, Pintrich, Vekiri & Harrison, 2004; Lodewyk, 2007) have suggested that epistemological beliefs is a function of students' gender, grade level, age, fields of study, ethnicity, socioeconomic status, academic performance, learning environments, self-efficacy beliefs, learning strategies. But empirical evidence is needed for supporting or not, relationships between these variables and epistemological beliefs among preservice teachers. Study of epistemological beliefs is significant because such beliefs are found to be important in relation to students' learning outcomes and academic performance (Schommer, 1990 (Schommer, , 1993 Hofer, 2000; Nurmi, Aunola, Salmela-Aro & Lindroos, 2003; Heiskanen & Lonka, 2012) . It is even more so for pre-service teachers who are being prepared for managing learning environments for others to learn. Findings from such studies can inform teacher educators about how pre-service teachers learn. It was considered rewarding to study pre-service biology teachers' epistemological beliefs and how they are influenced by their level of study and characteristics.
This study addressed the following research questions:
1. Are pre-service biology teachers' epistemological beliefs about biology different from those of experts? 2. Are pre-service biology teachers' epistemological beliefs significantly influenced by their level of study and entry characteristics?
METHODS

Participants
The participants (N=200) were students in undergraduate teacher-education programme in Delta State University Abraka, Warri Programme in Nigeria. Their teaching subject of study was biology. and 60 participants respectively, and of the 200 participants, 117 were females while 83 were males. These sizes represented the proportion of females to males. Their entry characteristics varied also because some entered into the programme with West African School Certificate (WASC) or its equivalent while the rest were admitted with Nigeria Certificate in Education (NCE) which is an intermediate teaching qualification that is much higher than WASC. Each of these entry levels had 100 participants. The participants were selected using stratified random sampling techniques with Year of study and entry qualification as strata.
Instrument
The biology version of Colorado Learning Attitudes about Science Survey (CLASS-BIO) was developed by Semsar, Knight, Birol, and Smith (2011) . The dimensional structure was determined using principal component analysis after investigating the suitability of the data for factor analysis by Fujiwara et al. (2012) . They arrived at five factors which are: Factor 1: Enjoyableness of Learning Biology (11 items; a = 0.834); Factor 2: Memorization of Knowledge (10 items; a = 0.677); Factor 3: Method of Learning Biology (8 items; a = 0.659); Factor 4: Difficulty of Learning Biology (5 items; a = 0.454); Factor 5: Approach to Learning Biology (4 items; a = 0.258). These factors explained 17.96%, 6.08%, 4.91%, 4.12% and 3.87% respectively of the variance. This instrument was selected for use in this study on the basis of its psychometric credentials though the last two factors had internal consistency measures that are below threshold value of 0.60 as suggested by Nunnaly (1981) . The participants were requested to show how they agreed or disagreed on a five-point Likert scale ranging from 4 (Strongly Agree) to 1 (Strongly Disagree) for positively stated items. The scoring was reversed for negatively stated items. Test-retest reliability coefficient which indicates stability of items was determined for each of the factors and for the entire instrument using a sample of 42 pre-service biology teachers not included in this study. The results are 0.71, 0.69, 0.82, 0.64 and 0.73 for Factors 1, 2, 3, 4 and 5 respectively.
Data Collection and Analysis
One of the researchers administered the instrument to the subjects who willingly responded to the items. Four of the copies of the instrument were found unusable and to replace these, another set of four copies were administered to four subjects with similar demographic characteristics and who were not in the original sample of 200 subjects. The researcher explained the purpose of the study and provided answers to question by the subjects during this process of administration of the instrument.
Sing descriptive and inferential procedures. Descriptive analysis provided values for means and standard deviation measures while the inferential involved the use of Z-test for a single proportion, t-test of difference in means of independent samples and one-way ANOVA, all observed at the 0.05 alpha level. A threshold value or benchmark was used to determine the items in which the subjects' beliefs approached those of the experts. The value was calculated using Tekin's formula as cited by Berber (2013) . The use of formula involved the calculation of the interval width of the scale to determine the limits of the scale. The formula is: a = interval width/number of groups (response options) where a = coefficient of interval. Using this formula, a = [(4-1)/4] = 0.75. Accordingly, 1.00 to 1.75 interval was defined 'Strongly Disagree, 1.76 -2.50 interval was defined as 'Disagree', 2.51 -3.25 was defined as 'Agree' and 3.26 -4.00 was regarded as 'Strongly Agree'. A threshold value of 2.88 (the mid-point of 'Agree') was used as a benchmark for determining the closeness of the subjects' beliefs to the beliefs by experts. Group mean on any item that is lower than this benchmark is classified as belief by novices.
RESULTS
Research question 1 states, 'Are pre-service biology teachers' epistemological beliefs about biology different from those of the experts? Results of descriptive analysis are presented in table 1. Table  1 indicates that biology epistemological beliefs held by pre-service biology teachers resemble beliefs by experts in biology education, with reference to Factor 1: 'Enjoyableness of Learning Biology'. But under Factor 2: 'Memorization of Knowledge' the pre-service teachers had similar beliefs to novices' beliefs in only 3 out of 10 items. This result suggests that the pre-service teachers do not have effective biology learning skill. In Factor 3: 'Method of Learning Biology' the pre-service teachers' beliefs were similar to experts' beliefs in 6 out of 8 items. It would seem this result contradicts the suggestion made from the result with respect to factor 2.
The table also indicates, with respect to Factor 4: 'Difficulty of Learning Biology', that pre-service teachers' beliefs reflected those of novices in all the items. This means that the pre-service teachers are experiencing some difficulties with learning biology. Factor 5 addresses Approach to Learning Biology. Responses to 3 out of the 4 items that make up this factor reflected beliefs by novices. This means that their approach to learning biology is different from the approach expected of them by the experts.
To test the first hypothesis which states that the proportion of items in which the pre-service biology teachers epistemological beliefs agree with experts' beliefs is significantly not greater than 0.50, a Z-test for a single proportion (Joe, 2005) was applied and observed at the 0.05 alpha level. The results of the exercise indicate that the calculated Z-ratio of 0.62 is less than the tabled or critical Z value. The hypothesis of no difference was therefore not rejected. This means that 21 items in which the pre-service biology teachers epistemological beliefs are classified as novices' beliefs are not significantly more than 17 items in which their beliefs resemble those of the experts.
Hypothesis 2 states that there is no significant influence of entry qualification on pre-service biology teachers' epistemological beliefs about biology. The results of the t-test of independent samples carried out are shown in table 2. The results in tables 3 and 4 indicate that level (Year) of study did not significantly influence pre-service biology teachers' epistemological beliefs about biology [F (2, 197) = 2.46, p > 0.05]. By implication, the null hypothesis that there is no significant influence of level of study was not rejected. This means that there is no difference in epistemological beliefs about biology by preservice biology teachers irrespective of their level of study.
DISCUSSION
One of the questions raised in this study was intended to determine whether the epistemological beliefs of pre-service biology teachers about biology resembled those of experts in biology education. The results obtained with respect to this question, indicated that for Factor 1 which centred on Enjoyableness of Learning Biology, the responses to all the items resemble epistemological beliefs by experts in biology education. The results here are heart-warming because if pre-service biology teachers' epistemological beliefs reflect that they enjoy learning biology, they will have interest in learning the subject. Interest is one of the greatest motivational factors in learning (Igwebuike, 2008 (Igwebuike, , 2013 . The results are also heart-warming because a common presumption by three groups that worked on measurement instruments for personal epistemological beliefs in three subject areas -Physics, chemistry and biology, as highlighted by Fujiwara, et al (2012) , is that the students should become similar or closer to the experts in terms of their belief system about a subject area and its learning if they receive good education. The results of this study therefore provide empirical evidence that supports the view that the presumption is true though specifically with reference to Enjoyableness of Learning Biology. An implication of this is that biology teacher educators in the teacher education programme should be aware of this positive revelation and explore further on how to make teaching biology to the pre-service teachers more enjoyable.
With respect to Memorization of Knowledge (Factor 2), pre-service biology teachers' epistemological beliefs resemble those by novices. One of the items states 'I do not expect the rules of biological principles to help my understanding of the ideas'. It is not encouraging for the pre-service biology teachers to agree to such a statement that precludes the use of biological principles while grappling with the understanding of biological phenomena. This can be explained in part, by the fact that teacher educators use transmissive or mere expository method of teaching preservice teachers (Igwebuike & Okandeji, 2009; Igwebuike, Okandeji & Ekwevugbe 2013 ). An implication of this result is that biology teacher educators should explore ways of improving their teaching so as to involve them with activities that will emphasize the place of concepts and principles in learning biology.
It is gratifying to observe that the preservice biology teachers' beliefs were close to experts' beliefs with respect to Factor 3 in which responses contradicted the conclusions on Factor 2 -Memorization of Knowledge. This contradiction provides adequate challenge needed for further investigation of this phenomenon. Biology teacher educators should be wary of the findings that pre-service biology teachers beliefs about Difficulty of Learning Biology completely resemble beliefs by novices. An explanation of this would have been provided by the fact that the sample was composed across levels of study and Year 2 pre-service teachers who did not have enough encounters with the study of biology would be responsible for this anomaly. But this explanation is not plausible and cannot be sustained because this study too has provided empirical evidence that Year of study did not significantly influence pre-service biology teachers' epistemological beliefs about biology.
With respect to Factor 5 which centres on Approach to Learning Biology, the results obtained are in consonance with those from Factor 4. The discussion of the findings of Factor 4 also holds for Factor 5. Biology teacher educators in the programme should be sensitized about the epistemological beliefs of their students which are the same with those of novices. They should explore ways of developing in their students effective approaches to learning biology.
No difference was found between the proportion of the items in the questionnaire in which the pre-service biology teachers' epistemological beliefs were close to experts' beliefs and the proportion of the items in which their beliefs were those of the novices. This result contradicts the presumption by designers of the measurement instruments for epistemological beliefs that students' beliefs should be close to experts' beliefs if they are given good education, as highlighted by Fujiwara, et al. (2012) . It was expected by the researchers that pre-service biology teachers' epistemology would be close to those of experts considering the fact that they have been in the biology teacher education for two, three or four years as the case may be. As argued before, an explanation would have been provided, speculatively, by the fact that a period of two years is too short for the programme to make a significant impact on the epistemological beliefs of those pre-service teachers in this category. It can be reasoned that this factor would have affected the result. But the study, as mentioned earlier, provides empirical evidence which shows that there is no difference in epistemological beliefs across the Years of Study. It is the method of teaching the pre-service biology teachers that can be implicated. Lecturers in the programme, as mentioned earlier, strictly use transmissive and expository method for teaching the preservice teachers (Igwebuike & Okandeji 2009; Igwebuike, Okandeji & Ekwevugbe, 2013 ). An implication of this is that such lecturers should explore more effective ways of teaching biology to the pre-service teachers.
Entry qualifications of the pre-service biology teachers did not exert influence on the epistemological beliefs about biology. This contradicts the findings of a study by Fujiwara et al (2012) that undergraduate students' past learning experiences had an influence on forming and developing their epistemic beliefs about biology. It was expected that there would be a difference because pre-service biology teachers that entered the programme after passing through the NCE biology programme had different learning experiences from those of the pre-service teachers that joined with WASC or its equivalent. The difference expected would have been in favour of those who entered the programme with NCE (biology) qualification. This is largely because NCE programme in biology provides more rigorous Thomas Igwebuike & Gracious Oribhabor: Scientific Epistemological Beliefs ... biology laboratory activities than the WASC experience.
Speculatively, this anomalous result can be explained by the fact that they were all subjected to the same learning experience in the programme and this helped to level out the assumed initial difference in pre-entry learning experiences. It is likely that the result would be different if this comparison is made at the incipient part of the programme. Future studies on this can be conceptualized to incorporate this type of comparison.
Year of Study did not influence the preservice teachers' epistemological beliefs. Year of Study is also a factor of learning experiences. It is therefore not surprising that it did not influence their epistemological beliefs though initially the researchers expected a difference. This is largely because of the longer period of study of biology by those at the higher levels. The result contradicts that by Fujiwara, et al. (2012) which indicates that past learning experiences have an influence on forming and developing epistemological beliefs by undergraduate students. In addition, Perry (1970) and Lonka and Lindblom-Ylanne (1996) have suggested that at the beginning of a programme, students hold epistemological beliefs that point to the need to have clear facts and answers but more advanced students hold more relativist conceptions in which knowledge is assessed in a specific context. This, at least, means that there is a difference in epistemological beliefs resulting from differences in the level of study. The anomalous result of the current study can also be explained by ineffectual method of teaching used by the lecturers in the programme.
Compositely, the findings of this study warrant expression of serious trepidation over the preparation of pre-service biology teachers in this programme. Lecturers or biology teacher educators should be made to be aware of this. They should be encouraged to explore contemporary teaching approaches that will lead to development of epistemological beliefs that will be similar to those of experts in biology especially in the light of the expressed positive relationships between epistemological beliefs and learning outcome/academic performance (Schommer, 1990 (Schommer, , 1993 Hofer, 2000; Nurmi et al, 2003) .
CONCLUSION
The results obtained from this study support the conclusion that pre-service biology teachers' epistemological beliefs about biology were similar to those by novices except in the area of Enjoyableness of Learning Biology. There is evidence too to conclude that entry qualification and Year (level) of Study in the programme did not influence pre-service biology teachers' epistemological beliefs about biology. Future studies of Nigerian population should embark on both exploratory and confirmatory factor analysis of the instrument used in this study. This study did not embark on that and the negligence is declared a weakness of this study. In addition, the scope of study should be enlarged to improve on the generalizability of findings. Future studies should also relate pre-service teachers' epistemological beliefs in biology to their cognitive and affective achievements. More causative factors and their interaction effects should be studied, in addition.
